Paleosols as Holocene proxy climate indicators, McLean County, North Dakota by Beck, Deborah L.
University of North Dakota
UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
1998
Paleosols as Holocene proxy climate indicators,
McLean County, North Dakota
Deborah L. Beck
University of North Dakota
Follow this and additional works at: https://commons.und.edu/theses
Part of the Geology Commons
This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.
Recommended Citation
Beck, Deborah L., "Paleosols as Holocene proxy climate indicators, McLean County, North Dakota" (1998). Theses and Dissertations.
17.
https://commons.und.edu/theses/17
PALEOSOLS AS HOLOCENE PROXY CLTh1ATE INDICATORS, 
MCLEAN COUNTY, NORTH DAKOTA 
by 
Deborah L. Beck 
Bachelor of Science, Case Western Reserve University, 1996 
A Thesis 
Submitted to the Graduate Faculty 
of the 
University of North Dakota 
in partial fulfillment of the requirements· 
for the degree of 
Master of Science 
Grand Forks, North Dakota 
May, 
1998 
This thesis, submitted by Deborah L. Beck in partial fulfillment of the 
requirements for the degree of Master of Science from the University of North Dakota, 
has been read by the Faculty Advisory Committee under whom the work has been done 
and is hereby approved. 
John R. Reid (Chairperson) 
( / Joseph H. Hartman 
~J JJ.,J /· () ~ 'l 
/ {(L?Y,1t1 &~7. /,LP--Ftrf-1.,(..----
Richard D. LeFever 
This thesis meets the standards for appearance, conforms to the style and format 





Title Paleosols as Holocene Proxy Climatic Indicators, McLean County, North Dakota 
Department Geology and Geological Engineering 
Degree Master of Science 
In presenting this thesis in partial fulfillment of the requirements for a graduate 
degree from the University of North Dakota, I agree that the library of this University 
shall make it freely available for inspection. I further agree that permission for extensive 
copying for scholarly purposes may be granted by the professor who supervised my 
thesis work or, in his absence, by the chairperson of the department or the dean of the 
Graduate School. It is understood that any copying or publication or other use of this 
thesis or part thereof for financial gain shall not be allowed without my written 
permission. It is also understood that due recognition shall be given to me and to the 
University of North Dakota in any scholarly use which may be made of any material in 
my thesis. 
Signature_.._C,.,,,..._)~-"-',=lfrl.........,oc--=L~-,,,,..:J-:.....-- _. -~=~ -"'-'-IL"-· _. __ _ 
Date · 
TABLE OF CONTENTS 
LIST OF ILLUSTRATIONS . ...... . ............. .. .. . .... . ....... . . . .......... ....... . ... .... . ..... vi 
LIST OF TABLES . . ... .. ......... . .. . . . .... . .... .. ......... .. . . ....... ............... . .. .. . ... .. .... viii 
ACKNOWLEDGMENTS . ...... . .... . ... .... ......... . . . ... . ...... . . . . . .. . ............ . ... .. .... .ix 
ABSTRACT .. . ......... . .............. . ..... . .. ... ....... . .. . ........... . ........ . .. .... ..... . ....... x 
CHAPTER 
I. JN"TRODUCTION ........... . ........ . ....... .. . .. ... .. . . ....... . . .. . . ......... . ........ . ... 1 
General ........ . ............. . ... . ...... . ....... . .... . ........... . .. . . .. . . . . ...... . ... 1 
Study area . ........... . .. .... ... . .. . . . .. . . . ... . .. . .. . . ... . ... ... . ...... ..... . ....... .. 3 
Site Geomorphology . ... .. .. ........ . ... . . .... .. . .... .. ............ .... .. . ..... . .... 3 
Uniqueness of Geologic Setting . ... . . . . ... ..... . .. .... .......... .. . . ............. . 6 
II METHODS ..... .. ... .... . . ........ . . ... .... . . .. ..... . ... . .. . . . . .. ..... . ... . . .. ... . ..... .. . ... 7 
Field . ........ . ... . .. .. . .. ...... . . ... . . .. . .. . ... ... . . . ... .. ... . . ... . . .. . .... ....... .. . . 7 
Laboratory .. ........... . ... . ........ . ... . ... . . .... ..... ... . . ..... . ........... .. . .... 14 
ill RESULTS . . .... .. . ... .. . .. . ..... .. .. . . ... . .. .. .... .. .... . .. ..... . ... ... . .. ........ . .. ... . ... 18 
Texture . .. .. ..... . . .. . ..... . . ..... . . .. . . .... . . .. ..... .... ... .. . .... ........ .. . ... ... . 18 
Lithology . . .. . ......... .... .. .. . .. ... . ..... ..... .... . .. . .. . .. ... .... . . . ..... ... . . ... 23 
313C Values . . .... . . ... .. ......... . .. .. ... ..... . .. . ... . .. .... .. ... ...... ... ......... 28 
14C AMS Dating . ..... .... . ... .. .... . ... .. . . ... . .. . .... . .. . ... . . .. .. . .. . . ··.··· · · · .. 30 
Phytoliths .. ..... ... ... .... . . . .. . .... . . ... ... . .. . .. . ........ .. .... . ... . ... . . . ...... . . 34 
iv 
Palynology ............ . .. .. ......... .. ........................ ..... ... ...... ....... 41 
IV DISCUSSION .. ... .. ............... .. . . ...... ... ...... ... . . ................ .. . .. ..... ..... . 42 
Significance of Paleosol Formation ............ . . ... ........... . . .... ..... .. ... 42 
Causes for Increased Deposition ........... . ... . ........ ... . . .................... 43 
Global Climate During the Holocene .......................................... 44 
Local Climate During the Holocene . .......... . .... . . .. .. . .... ... ...... ... . ... 46 
Small-Scale Cycles .... . ..... '. ............. . .......... ...... . ................... .. 54 
V. CONCLUSION ..... . ..... .. . . ............... . ......... . ....... .. . ........... . .... . . . ... . . .. 56 
APPENDIX 
A: Results of Texture analyses from Douglas Creek site sampling sections .. .... 58 
B: Lithology of coarse sand size clasts for each soil horizon . .. ..... .. ...... .... .... 61 
C: Percentages of phytolith morphologies for each A-horizon at Section 
M8302 ................. .. ................ . .... . ..... .. .................... . ... ...... ...... ... 64 
REFERENCES .. ......... .. ........................... ... .... . .... . .... . ....... . ............. ... .... 65 
V 
LIST OF ILLUSTRATIONS 
Figure Page 
1. Location of Douglas Creek site (DC) along the north shore of Lake 
Sakakawea, McLean County, North Dakota (after Hartman et al., 1998) ........... 2 
2. Aerial photo of Douglas Creek site, Emmett SE Quadrangle, McLean 
County North Dakota (from Hartman et al., 1998) ..................................... 4 
3. Regional vegetation map identifying study site within the prairie ecozone 
of the central Great Plains region (from Hartman et al., 1998) .. .. ............ ... .... 5 
4. Wave cut scarp showing position of sampled sections at the Douglas Creek 
site (from Hartman et al., 1998) ................. . ..... .. .. . ..... . ...... ... . ..... .. ......... 8 
5. Section M8302, looking northwest. Fifteen buried A-horizons, one modern 
A-horizon and corresponding C-horizons are preserved at this section (from 
Hartman et al., 1998) .................................. ............ . ..... . .......... . ...... .. . 9 
6. Section M8301, looking east northeast. The section includes 25 units; 12 
are dark buried A-horizons, one is a modern A horizon, and the rest are 
C-horizons (from Hartman et al., 1998) ....... . .......................... . .. .. ... .... . . 10 
7. Section M8303 looking northeast. The section includes 15 buried 
A-horizons, one modern A-horizon, and corresponding C-horizons 
(from Hartman et al., 1998) ........... .. ................... . ..................... ..... .. 11 
8. Section M8304, looking north. The section includes seven A-horizons 
and corresponding C-horizons. A cartoon insert of a bone shows location 
of fragment that was radiometrically dated (from Hartman et al., 1998) ......... 12 
9. Texture of A-horizons from Section M8301. Silt is the major component 
of the units (from Hartman et al., 1998) ......... .. ................ .... .... . .. .. ... ..... 19 
10. Texture of A-horizons from Section M8302. Samples are characterized by 
50-60% silt, 20-30% clay, and 15-25% sand (from Hartman et al., 1998) ........ 20 
11. Texture at Section M8303 . A-horizons have slightly less clay and more silt 
than corresponding C-horizons (from Hartman et al., 1998) ..... .. ...... ..... .. ..... 21 
Vl 
12. Texture of A-horizons at Section M8304. Samples are characterized by 
-60% silt, 15-20% sand, and 15-25% (from Hartman et al., 1998) . .. . . .. ... . . .... 22 
13. Ternary plot of texture analysis results for each of the A-horizons in 
Section M8304. Soils plot as silt loams (from Hartman et al., 1998) . . . ..... ....... 24 
14. Ternary plot of texture analysis results for Section M8301. Soils plot 
predominantly as silt loams; a few also are either clay loams or silty clay 
loams (from Hartman et al., 1998) ....... . .... . ... . ......... . ... . . . . .. ...... .... ...... . . 25 
15. Ternary plot of texture analysis results for Section M8302. Soils plot 
predominantly as silt loams (from Hartman et al., 1998) .... . .. . .. . .... . . ...... .. . .. 26 
16. Ternary plot of texture analysis results for Section M8303. A-horizon 
textures (odd numbers) plot within the silt loam range while C-horizons 
(even numbers) plot as silty clay loams (from Hartman et al., 1998) . ...... . . ..... 27 
17. Stable carbon values for Section M8302 (UAZ = University of Arizona, 
WHOI = Woods Hole Oceanographic Institute) (from Hartman et al., 1998) .. .. 29 
18. Cross section of the Douglas Creek site illustrates a general view of 
the valley fill in which the paleosols formed, and also shows the horizon 
and location of each dated sample (from Hartman et al., 1998) ............ ...... . . 31 
19. Column showing relative positions of all radiocarbon dates sampled from 
A-horizons correlated to Section M8302 (from Hartman et al., 1998) .. . ... . . .. .. 32 
20. Plot showing temporal calibration of paleosols by year and thickness . 
Formation periods of 70 to 110 years were derived using radiocarbon 
dates with the lowest analytical error (from Hartman et al., 1998) .. . ........... ... 33 
21 . Stable Carbon values at Section M8302. A slight warming trend is reflected 
between samples DC-02 and DC-03 from -3100 yr BP to -2700 yr BP 
(from Hartman et al., 1998) .......... ........... . .... . . ... .. . ... . .. . . ... . . . . . . ... ... . .. . . 35 
22. Abundance plot of phytolith morphologies sampled from Section 
M8302 (from Hartman et al. , 1998) .. ............. ... . .. . ... . . .. .. .. . ... . ...... . ... . ... .. 36 
23 . Dendrogram from cluster analysis of phytolith data from Douglas 
Creek Section M8302. Three distinct clusters (A, B and C) were derived. 
Soils within each cluster are identified as having the most similar 
phytolith assemblages, indicating similar climates (from Hartman 
et al., 1998) ....... .. .. . ... . . . ......... . . . .... . . . . . . .. . . . . . ... .. .. . . . ... . .. ... . .. ...... ... .. . . 38 





LIST OF TABLES 
Table Page 
1. Phytolith morphotypes and C3/C4 metabolic pathways which are 
important in reconstructing changes in climate using phytoliths 






This research was funded by a grant from the Department of Energy and the 
Electric Power Research Institute through the University of North Dakota Energy and 
Environmental Research Center with Joseph Hartman as principal investigator. 
I would like to sincerely thank my committee chairman, Dr. John Reid, for all his 
time spent on the many revisions of my thesis as well as for his encouragement and 
suggestions. I am grateful also to my other committee members: Dr. Richard Lefever for 
his suggestions throughout the research and writing processes and Dr. Joseph Hartman, 
for his assistance and advice on all aspects of the project as well as for the use of his 
computer at the Energy and Environmental Research Center. 
I am extremely grateful for the encouragement and support provided by my 
friends, especially Lisa Pottenger and, of course, Bailey and my parents. 
ix 
-





An exposure with 15 buried A-horizons near Douglas Creek, Lake Sakakawea, 
central North Dakota, has provided an excellent opportunity for paleoclimate 
reconstruction. Analyses included texture, stable carbon, radiocarbon, pollen, and 
phytoliths. The variations in these properties between individual soil horizons served to 
reconstruct the former environments of each soil horizon. 
The paleosols were developed in a sequence of deposits in a mile-long tributary to 
the Missouri River. The soils are in a shallow valley fill exposed by wave action along 
the north shore of Lake Sakakawea. The 1996 exposure was up to 4m high and 51.5m 
wide. There were up to fifteen buried A- and C-horizons identified along this outcrop; the 
minimum was seven. 
Textural analyses revealed that the A-horizons are silty loams and the C-horizons 
silty clay loams. Radiocarbon dating of the paleosols indicates they formed between 
5240 ± 310 yr BP and 2585 ± 60 yr BP with an average development time of 70 to 110 
years for each A-horizon. Although the pollen results proved inconclusive, 8
13
C values 
and phytolith assemblages indicate a relatively cool, moist climate from 5240±310 yr BP 
until 2585±60 yr BP, with a short warming trend at about 2700 yr BP. These results 
substantiate other climate studies in this region which indicate cool, moist climate 
following deglaciation with a subsequent warming period occurring between 3000 and 





With the concerns over human responsibility for global warming, the rate and 
magnitude of climate fluctuations during the recent geological past become an 
increasingly important context for assessing human influence. Large climate fluctuations 
are well known from the geologic record (Denton and Karlen, 1973). The type and 
abundance of fossils also give strong evidence for both short- and long-term climate 
change scales (Laird and Fritz, 1996). Variations in certain geomorphic features and 
sedimentary deposits also preserve changes in biospheric conditions. In addition, by 
understanding past climates, we can understand present conditions and possibly future 
climate patterns. We must also consider how'anthropogenic activities may affect existing 
natural fluctuations. 
Soils are evidence of specific past climatic conditions. Ancient soils, or paleosols, 
are therefore likely to be useful in paleoclimatic interpretation. Individual paleosols can 
be used as proxy indicators of climate, and stacked sequences of paleosols will reflect 
local climate fluctuations. That is, the characteristics of paleosols and material preserved 
within can be coupled to interpret past environmental conditions. The Douglas Creek site 
(Figure 1), with its stacked sequence of 15 buried A-horizons, permits the interpretation 
of relatively subtle changes in climate over a significant part of the Holocene. As an 







Figure 1. Location of Douglas Creek site (DC) along the north shore of Lake Sakakawea, McLean County, North Dakota (after 
Hartman et al., 1998). 
N 
3 
interpret small-scale changes in the local climate of central North Dakota along the north 
shore of Lake Sakakawea, McLean County (Figure 2). In this region, other paleosols of 
the Oahe Formation have been studied for archeological and stratigraphic significance, 
but paleoclimatic interpretations have been based only on limited analytical evidence. In 
contrast, information gathered from the Douglas Creek site paleosols includes textural 
and lithologic composition, 813C values, and phytolith and pollen assemblages data, all 
well-delimited by radiocarbon dates. 
Study Area 
The Douglas Creek site is within the glaciated Great Plains physiographic region. 
Geologic sections were measured in sec. 11, T. 14 7 N., R. 86 W. of the Emmet SE 
Quadrangle, in the Douglas Creek State Game Management Area, McLean County, 
North Dakota. 
The paleosols developed in the Holocene Oahe Formation, which includes all 
postglacial deposits in North Dakota (Clayton et al., 1976). The part of this formation 
exposed at the Douglas Creek site was deposited from about 5500 years before present 
(yr BP) to the present. At this site, the Oahe Formation is underlain by the Paleocene 
Sentinel Butte Formation and is adjacent to Quaternary till deposits. 
Site Geomorphology 
The modern vegetation setting of the Douglas Creek site is that of short grass 
prairie environment (Figure 3). The yearly average temperature is 5.5° C, and the average 
yearly rainfall is 39cm. Presently, the area consists of rolling topography, short incised 
tributaries of the former Missouri River, and steep wave-cut bluffs facing Lake 
Sakakawea. At the Douglas Creek site, paleosol-bearing sections are exposed in a south-
4 
Figure 2. Aerial photo of Douglas Creek site, Emmet SE Quadrangle, McLean County, 
North Dakota (from Hartman et al., 1998). 
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Figure 3. Regional vegetation map identifying study site within the prairie ecozone 
of the central Great Plains region (from Hartman et al. , 1998). 
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facing 4m-high cutbank. The configuration of beds in the exposure reveals that the 
paleosols formed in a shallow valley fill. During the time of soil formation, this area was 
part of a 3km-long tributary to the Missouri River. The study site was largely destroyed 
by high water levels of Lake Sakakawea in 1996. 
Uniqueness of Geologic Setting 
The Douglas Creek site is unlike most other paleosol sites in North Dakota. 
Here, one modern and 15 buried A-horizons have been preserved, along with 
corresponding C-horizons. Each of the A-horizons is approximately 3 to 4cm thick with 
intervening 10 to 15cm-thick C-horizons. The presence of paleosols and the associated 
isotopic and biologic data provide information about the changing climatic conditions 
under which they developed. This makes them excellent tools for the reconstruction of 





The paleosols at the Douglas Creek site were first discovered by John R. Reid 
(University of North Dakota, Grand Forks) in the summer of 1986. The outcrop was well 
exposed along the northern shore of Lake Sakakawea. Since then, wave erosion has 
greatly reduced the outcrop. Description and collection of paleosol samples began in June 
of 1996. 
By this time, the total length of the outcrop near the Douglas Creek site was 35m. 
This was divided into four sections along the shore. One additional section immediately 
inland from these sections was also measured. The best exposure was chosen as the 
reference section, labeled M8302 (Figures 4, 5). This section exposed 15 buried A-
horizons and their corresponding C-horizons. The westernmost section was M8301 
(Figure 6); this section had 12 buried A-horizons with corresponding C-horizons. As 
shown in Figure 4, Section M8301 was bounded on the west by material deposited in a 
separate geomorphic setting and on the east by Section M8302. The distance between the 
midpoints of these two sections was 5.7m. To the east of Section M8302 was Section 
M8303 (Figure 7). This section consisted of 15 paleosols, one modem soil, and 
corresponding C-horizons. The distance from the midpoints of Sections M8302 and 




Figure 4. Wave cut scarp showing position of sampled sections at the Douglas Creek site (from Hartman et al., 1998). 
9 
Figure 5. Section M8302, looking northwest. Fifteen buried A-horizons, 
one modern A-horizon and corresponding C-horizons are preserved at this 
section (from Hartman et al., 1998). 
10 
Figure 6. Section M8301, looking northeast. The section includes 25, units; 12 
are dark buried A-horizons, one is a modem A-horizon, and the rest are 
C-horizons (from Hartman et al., 1998). 
11 
Figure 7. M8303 looking northeast. The section includes 15 buried A-horzions, 
one modern A-horizon, and corresponding C-horizons (from Hartman et al. , 
1998). 
12 
Figure 8. Section M8304, looking north.The section includes seven 
A-horizons and corresponding C-horizons. A cartoon insert of a bone 
shows the location of fragment that was radiometrically dated (from 
Hartman et al., 1998). 
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and seven buried A-horizons were exposed here. The midpoint distance between it and 
Section M8303 was 17m. 
Section M8315 was to the northwest of the other sections, along a scarp face 
exposed by slumping. This section represents the head of the shallow valley in which the 
paleosols formed. Although Section M8315 was measured and described, no samples 
were collected because of the inability to correlate these paleosols directly with those of 
other sections. 
The sampling procedure for each of the sections was as follows : each A-horizon 
was identified and marked with a flag. These flagged units were correlated from one 
section to another by physically tracing each soil horizon. After correlation, a sample of 
each A-horizon from Sections M8301, M8302, M8303 and M8304 and each C-horizon at 
Section M8303 was collected. First, the outer few centimeters of material were removed, 
working from the top to bottom of the outcrop to avoid contamination between paleosol 
horizons. Because of the hardness of the material, samples were removed from the 
outcrop using a hammer and knife. Samples were stored in sealable plastic bags. Labels 
of indelible paper were placed inside a separate bag either within or surrounding the 
sample bag to avoid contamination of carbon from either paper or pencil. 
Samples of A-horizons were collected at Sections M8301, M8302, M8303, and 
M8304. C-horizons were collected at Section M8303 only. As mentioned, no samples 
were collected at Section M8315 because of the inability to correlate the soils exposed at 
this section with soils from the adjacent section, M8301 . The collection of samples from 




Texture analysis was performed on each sample from the Douglas Creek site. The 
hydrometer method (Perkins, 1977, p. 48), followed by dry sieving, was used to 
differentiate between clay, silt, and fine-, medium- and coarse-grained sand. Because of 
the small sample size, all particles larger than coarse-grained sand were omitted. 
Approximately 45g of air-dried material were broken into small pieces and dried 
at least 10 hours at 110° C. The samples were then weighed and the weights recorded. 
Next, each sample was placed in a glass jar with 125ml of a 4% Calgon dispersant 
solution. This solution consisted of distilled water and Calgon (NaP04)6. A hydrometer 
reading of seven is measured when 125ml of Calgon solution is mixed with 875ml of 
distilled water. The sample-solution mixtures were stirred to wet the sample completely, 
and were soaked overnight to allow for deflocculation of the clays. Next, each sample-
solution mixture was thoroughly liquefied with a sediment mixer. Additional distilled 
water was added as needed. The samples were mixed mechanically for approximately 
two minutes. Samples were then poured into settling tubes, and distilled water was added 
to make 1000ml of solution. This was followed by approximately 30 seconds of manual 
mixing. After this mixing, the time and temperature were recorded. Each sample was 
allowed to settle for an amount of time determined by the temperature of the solution. 
The settling time was taken from procedures modified from the Illinois Geological 
Survey (Perkins 1977, p. 50). A hydrometer reading was taken after the specified time 
had passed. Next, each sample was washed through a 4<)> sieve to remove all remaining 
15 
clay and silt. The sample was then dried at least 10 hours at 110° C. Again, the sample 
was weighed and recorded. The dry sieving involved -1<!>, Ocp, and 4<!> sieves to separate 
fine-, medium- and coarse-grained sand. Each sample was agitated for 10 minutes in a 
Ro-Tap to ensure proper sorting. Finally, the material in each of the three sieves was 
weighed and stored in paper sample envelopes. When the results were calculated, the 
weight of gravel-size particles was subtracted from the total sample weight, because of 
their small sample size. This resulted in a normalized sample weight which was used in 
the ensuing calculations. Percentages of fine- and coarse-grained sand were determined 
by dividing the corrected sample weight by their respective weights. The percentage of 
clay was calculated by subtracting the hydrometer reading from the value of the Calgon 
distilled water mixture (which is seven, as mentioned previously) and then dividing this 
by the corrected sample weight. The percentage of silt was determined by subtracting the 
percentages of sand and clay from the normalized sample weight and dividing by the 
normalized sample weight. 
Lithology 
Relative percentages of constituent minerals were identified for each of the · 
coarse-grained sand samples using a binocular microscope with magnifications of lOX 
and 20X. The groups identified were quartz, lithic siltstone, and lithic crystalline clasts. 
813C Analysis 
Bulk samples were analyzed for 813C values at Texas A&M University (Boutton, 
· 1996). A gas isotope ratio mass spectrometer was used to determine 13C/12C ratios. 
16 
The Vienna Peedee Formation standard NBS-19 was used. These methods are described 
in Boutton (1996, p. 50-51). 
14C AMS Dating 
Dates were obtained from Woods Hole Oceanographic Institute (WHOI) using 
accelerator mass spectrometry (AMS). Standards for the 14C dating included National 
Bureau Standards (NBS) Oxalic Acid I (NIST-STRM-4990) and Oxalic Acid II (NIST-
SRM-4990C). The ages were calculated using a radiocarbon half-life of 5568 years. Prior 
to dating, samples were analyzed by a blue-light fluorescence technique to separate 




Retrieval and identification of phytoliths was performed at the University of 
Wisconsin, Milwaukee (Fredland, 1997). Extraction of the phytoliths included the use of 
HCl for oxidation of carbonates, a dispersant to remove organic colloids and clays, 
oxidation of any residual organics, and the use of ZnBr2 (2.35 specific gravity) for heavy-
liquid flotation to separate the phytoliths from the residual material. Phytoliths were 
classified using transmitted light microscopy at 400X and 1 OOOX. These methods are 
detailed in Fredlund (1996). 
Statistical Analysis 
Phytolith assemblages were statistically analyzed to determine if trends in 
assemblages were present. First, a cluster analysis was performed, using the program 
17 
UPGMA (Unweighted Paired Group Mean Analysis) (LeFever,1997). Raw 
nonstandardized data were entered and a dendrogram created using unweighted clustering 
calculated by distance. This was performed on both standardized and nonstandardized 
original data. Also, log-ratio values with respect to the Panicoid morphotype were 
determined. The cluster analysis was then completed again using standardized and 
nonstandardized log-ratio values. 
Factor analysis utilized the program FACTOR (LeFever, 1997) to calculate 
eigenvectors, eigenvalues, and factor scores. The analysis was performed using R-mode 
with a correlation coefficient matrix and a Cosine theta matrix, separately, retaining two 
factors in rotation. Again, this analysis was run using four different data sets: 
nonstandardized primary, standardized primary, nonstandardized log-ratio, and 
standardized log-ratio. 
Palynology 
Samples collected for identification of palynomorphs were processed at Bemidji 
State University, Minnesota (Kroeger, 1996). Each A-horizon sampled at Section M8302 



















The raw data from texture analyses are in Appendix A. Analysis of texture 
indicates that the buried A-horizons are silt loams. The A-horizons from Section M8301 
consist of approximately 60% silt, 20%-25% clay and 15%-20% sand. These 
percentages vary with stratigraphic position (Figure 9). The percentage of silt increases 
up-section as sand decreases. Clay is relatively constant. Section M8302 has a similar 
composition, 50%-60% silt, 20%-30% clay and 15%-25% sand (Figure 10). Again, the 
relative percentages vary with position. Section M8303 provides texture information for 
both A- and C-horizons (Figure 11). The A-horizons consist of -60% silt, 20%-25% clay 
and 15%-20% sand. C-horizons are about 50% silt, 30% clay, and 20% sand. As with the 
A-horizons, the compositional percentages varied between C-horizons. The obvious 
difference between A- and C-horizons at this section is in the percentages of clay. 
C-horizons contain slightly higher percentages of clay and slightly lower percentages of 
silt than the associated A-horizons. The relative percentages of sand varied between A-
and C-horizons. At Section M8304, the composition of the A-horizons was 
approximately 60% silt, 15%-25% clay and 15-20% sand (Figure 12). These percentages 
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Figure 9. Texture of A-horizons from Section M8301. Silt is the major component of 
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Figure 10. Texture of A-horizons from Section M8302. Samples are 
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Figure 11. Texture at Section M8303. A-horizons have slightly less clay and more 
silt than corresponding C-horizons (from Hartman et al., 1998). 
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Figure 12. Texture of A-horizons at Section M8304. Samples are 
characterized by -60% silt, 15-20% clay and 15-25% sand (from Hartman et 
al., 1998). 
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Plotting the textural data for each section separately on a textural ternary diagram 
determined that most A-horizons were silt loams. The soils of Section M8304 (Figurel3) 
plot within the silt loam region, whereas the soils of Sections M8301 (Figure 14) and 
M8302 (Figure 15) are silt loams, silty clay loams, and clay loams, respectively, 
indicating higher percentages of clays at these sections. These sections consist mainly of 
silt loams, however. The plot of Section M8303 (Figure 16) shows the textural difference 
between A- and C-horizons. Most of the A-horizons (odd-numbered units) plot within the 
silt loam range, but most of the C-horizons (even-numbered units) fall within the silty 
clay loam field, indicating higher percentages of clay-size particles. 
The method used to determine textural parameters disregarded the pebble-size 
clasts. Although pebbles are not common here, some concentrations do exist; pebble 
lenses occur at the base of C-horizons randomly throughout the outcrop. 
Lithology 
The groups identified in these samples were quartz, lithic siltstone, and lithic 
crystalline clasts. Quartz grains dominate the clast assemblage in most samples 
(Appendix B), followed by sedimentary lithic, crystalline lithic, and, finally, other. The 
quartz grains were subangular to angular and varied from clear to milk white. 
Sedimentary lithic grains varied from subrounded to subangular and consisted of varying 
types of sedimentary rocks, the most common of which were yellow-orange siltstone 
fragments. The crystalline lithic grains included subangular feldspars and other 
crystalline minerals not identifiable. The "other" category included grains that were not 
identifiable as any of the aforementioned groups; these varied from angular to rounded. 
Generally such grains were lignite or gypsum fragments . 
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After Soil SuNey Manual (1993) 
Figure 13 . Ternary plot of texture analysis results for each of 
the A-horizons in Section M8304. Soils are silt loams (from 
Hartman et al., 1998). 
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Section M8301 Texture 
M8301x.cdr (12/25/97) 
After Soil Survey Manual (1993) 
So1f-mas1 .cdr (12/25/97) 
After Soil Survey Manual (1993) 
Figure 14. Ternary plot of texture analysis results for Section M8301. Soils plot 
predominantly as silt loams; a few are also either clay loams or silty clay loams (from 
Hartman et al., 1998). 
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After Soil SuNey Manual (1993) 
After Soil SuNey Manual (1993) 
Figure 15. Ternary plot of texture analysis results for Section M8302. Soils plot 
predominantly as silt loams (from Hartman et al. , 1998). 
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After Soil SuNey Manual (1993) 
Figure 16. Ternary plot of texture analysis results for Section M8303 . 
A-horizon textures (odd numbers) plot within the silt loam range while 
C-horizons plot as silty clay loams (from Hartman et al., 1998). 
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The high percentage of relatively stable minerals, such as quartz, is secondarily 
derived from nearby till deposits . Minor input from a proximal primary source is 
reflected by the presence of fragile siltstone and carbonate fragments. The subrounded-to-
subangular character of the quartz grains also indicates a distal primary source for this 
material. However, the angularity of the more fragile clasts suggests that some of the 
sediment was transported only a short distance prior to deposition. The material is, in 
general, relatively fine-grained and well sorted. This would indicate that a low-flow 
regime dominated this location. The presence of pebble lenses, however, indicates the 
existence of an occasional higher flow regime. 
813C Values 
Stable carbon values range from-23.69%0 to -19.59%0 in the A-horizons at the 
Douglas Creek site (Boutton, 1997). The values are highly negative in the lowest soils, 
and these negative values continue up to Samples DC-5, DC-4, and DC-3, where less 
negative values are recorded. More negative values from Sample DC-2 show a trend back 
to more negative values. Figure 17 shows 813C values from three different laboratories. 
The values obtained by Boutton (1997) were achieved by analyzing bulk samples 
specifically for 813C. The University of Arizona (UAZ) and WHOI 813C results were a 
by-product of radiocarbon dating analyses. The differences in techniques used resulted in 
the varying 813C values for the same soil horizons. Because the Boutton results were 
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DC-02 +-{ - 20.40 (ND26 - bulk) -20.5 (DD-3a - bone) 
DC-03 +- -19. 59 (ND27 - bulk) 
OC-04 +-{ - 14.9 (LS 1-bone) - 21.94 (N028- bulk) 
DC OS +--(-22.04 (N029 - bulk)* 
• -26.36 (OB-5 - charcoal) 
-+-{ - 15.8 (LS 2-bone) 
OC-06 -23.46 (N030 - bulk) 
-18.6 (OE-5 - bone) 
OC-07 +-- -23.69 (N031 - bulk) 
OC-08 +-- - 22.90 (N032 - bulk) 
~ -22. 74 (N033 - bulk) 
DC-09 - 24.83 (OC-9- charcoa9i 
-24.48 (OC-9- charcoa? 
DC-10 ~-22.65 (N034-bulk) 
OC-11 ~ - 21.65 (.N035 - bulk) 
DC-12 -25.08 (00-23- charcoal) 
- 22.24 (.N036 - bulk) 
DC-13 ~ - 23.94 (00-25 - charcoal) 
-22.00 (N037 - bulk) 
OC-14 +-- - 22.64 (N038-bulk) 
DC-15 +- -22.98 (N039 - bulk) 
~ -22.80 (ND40 - bulk) 
DC-16 - 17.25 (DC-16 - charcoal) 
* = Undatable bone sample. 
LS samples excluded from curves. 
Figure 17. Stable carbon values for Section M8302 (UAZ = University of Arizona, 
WHOI = Woods Hole Oceanographic Institute) (from Hartman et al. , 1998). 
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813C values indicative of C3 vegetation fall near-27°100 (Boutton, 1996). This 
includes shrubs and cool season grasses. During metabolism, these types of plants reduce 
CO2 to phosphoglycetate, a three-carbon compound. Alternatively, 813C values near -
13°/00 are indicative of C4 vegetation, such as warm season grasses and plants adapted to 
monsoonal environments. C4 plants are more efficient under low atmospheric CO2 
concentrations. When environmental conditions include high temperatures and/or low 
CO2 levels, vegetation with C4 metabolic pathways are able to fix 0 2 at the expense CO2 
(Keeton and Gould, 1986, p. 217). The stable carbon values reported from this site 
suggest a C3-dorninated system. However, these data also show input of C4 vegetation in 
Samples DC-4 and DC-3. This can be interpreted as a slight warming trend occurring 
within a normally cooler climate. 
14C AMS Dating 
Of the potentially datable samples for Douglas Creek site, only 13 provided actual 
dates on six horizons. The sampling locations and type of successfully dated material are 
shown in Figure 18. The locations of these dates were correlated with paleosols of the 
reference section to produce a composite stratigraphic section to express all paleosol ages 
(Figure 19). The ages span from 5240 ± 310 radiocarbon yr BP (DC-16) to 2090 ± 520 yr 
BP (DC-2). Interpolation for ages of undated soils suggests that periods of instability 
occurred every 70-110 years (Figure 20). These periods of instability are represented by 
burial of the existing soil and subsequent formation of a new A-horizon. The period from 
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Figure 18. Cross section of the Douglas Creek site illustrates a general view of the valley fill in which the 
paleosols formed and also shows the horizon and location of each dated sample (from Hartman et al., 1998). 
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Unit Horizon Radiocarbon Date (Material) 
1 DC-01 
'--Modern Soil (A Horizon) 
+-Silty Mud 
2 
First Buried Soil 
/ (A Horizon) 2090 ± 520 years (LS 1 - bioapatite) 
= 3 DC-02 -+-2230 ± 200 years (LS 1 - collagen) 
4 2585 ± 60 years (DD-3a - bone) 

















DC-05 * 2910 ± 40 years (DB-5 - charcoal) 
3350 ± 695 years (LS 2 - bioapatite) 
DC-06 -+--3510 ± 300 years (LS 2-collagen) 











3210 ± 50 years (DC-9 - charcoal) 
-+- 3690 ± 30 years (DC-9 - charcoal) 
** 3800 ± 45 years (DC-9 - charcoal) 
-+--3540 ± 130 years (DD-23 - charcoal) 
-+- 3560 ± 60 years (DD-25 - charcoal) 
* = Undatable bone 
sample. 
** = Carbon samples 
too small to date. 
31 DC-16 -+--5240 ± 310 years (DC-16- charcoal) 
Figure 19. Column showing relative positions of all radiocarbon dates sampled 
from A-horizons correlated to Section M8302 (from Hartman et al. , 1998). 
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Figure 20. Plot showing temporal calibration of paleosols by year and thickness. Formation periods of 70 tollO years were 




slight warming trend, evidenced by the 313C data, occurred from about 3100 until about 
2700 yr BP (Figure 21). 
Phytoliths 
General 
Opal phytoliths form within and between the cells in plants by precipitation of 
hydrated silica from groundwater. Phytoliths form mainly in grasses and thus are useful 
tools for reconstructing grassland environments. Mesic tall, xeric short, and cool season 
grasses can be distinguished by phytolith morphology. 
Identification 
Phytolith analyses revealed assemblages of the following morphotypes: Keeled, 
Rondel, Rectangular, Crenate, Stipa, Saddles, Bilobate, and Panicoid (Figure 22). Rondel 
and Saddle types were the most abundant in each of the A-horizons, followed by Keeled, 
with smaller percentages of Rectangular, Crenate, Stipa, Bilobate, and Panicoid 
(Appendix C). The maximum variations occurred between horizons DC-12 and DC-13 
for the Keeled and Rectangular forms, between DC-9 and DC-10 for the Crenate and 
Stipa, and between DC-2 and DC-3 for the Rondel, Saddles, and Panicoid types. The 
maximum variation for the Bilobates and the other Lobates occurred between horizons of 
Samples DC-13 and DC-14. Values for each horizon are listed in Appendix C. 
Statistical Analysis 
Cluster Analysis 
Cluster analysis of the standardized and nonstandardized primary phytolith data 
resulted in cophenetic correlations (CC) of 0.71 and 0.62, respectively. The cophenetic 
correlations for the standardized and nonstandardized log-ratio values were 0.98 and 
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Soil o13Cpos(%0) Paleosol 




14 C Dates 
o13Cpo9(%0) UAZ - bone samples 
Boutton - bulk samples WHO/ - charcoal samples 
Geochron - LS bone samples 
1 
2090 ± 520 years (LS 1 - bioapatite) 
3 DC-02 .._ 2230 ± 200 years (LS 1 - collagen) 




9 DC-05 .._2910 ± 40 years (DB-5 - charcoal)* 
11 
3350 ± 695 years (LS 2 - bioapatite) 
DC-06 .._3510 ± 300 years (LS 2 - collagen) 
3105 ± 60 years (DE-5 -bone) 
13 DC-07 ** 15 DC-08 ** 3210 ± 50 years (DC-9- charcoal) 
17 DC-09 .._3690 ± 30 years (DC-9 - charcoal) 
19 DC-10 ** 3800 ± 45 years (DC-9 - charcoal) 
3 21 DC-11 .._3540 ± 130 years (DD-23-charcoal) 23 DC-12 .._ 3560 ± 60 years (DD-25 - charcoal) 
25 DC-13 
27 DC-14 * = Undatable bone 
29 DC-15 samples. 
** = Carbon samples 
too small to date. 
31 DC-16 ~5240 ± 310 years (DC-16-charcoal) 
4 
meters 4 .030 -17 -19 -21 -23 -25 
Paleosol (Ab) II and C Horizons t l;~I 
Figure 21. Stable carbon values at Section M8302. A slight warming trend is reflected 
between samples DC-02 and DC-03 from - 3100 yr BP to -2700 yr BP (from Hartman 
et al., 1998). 
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Percentage abundance from Fredlund (1997, unpublished report) 
Figure 22. Abundance plot of phytolith morphologies sampled from Section M8302 (from 
Hartman et al., 1998). 
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0.74. Of these, only the standardized log-ratio values achieved a CC greater than 0.8. Any 
values below 0.8 are considered unreliable (Davis 1986, p. 513) and, therefore, those data 
sets were not used. The dendrogram created from the cluster analysis of the standardized 
log-ratio values contained three distinct clusters, identified in Figure 23 as A, B, and C. 
Cluster B included Samples DC-2 and DC-6, Cluster C consisted of Samples DC-4 and 
DC-16, while the remainder of the samples were grouped in Cluster A. Any relationship 
between the phytolith assemblages and the results of other analyses, such as stable carbon 
and texture, were not readily apparent from this dendrogram. 
Factor Analyses 
The most successful attempt of factor analysis of these data used the log-ratio 
values with respect to Panicoid percentages and a cosine theta matrix. This resulted in 
98.4% of the total variance occurring in the first three variables. Initial values using this 
matrix resulted in 97.3% of the total variance occurring in the first three variables. Initial 
values using a correlation coefficient matrix resulted in only 67 .6% of the total variance 
occurring in the first three variables. The factor scores for Factors I and II calculated for 
the log-ratio cosine theta analysis were plotted against each other. These plots were 
intended to group the most similar horizons together. However, for both data sets the 
factor scores plotted randomly as one large mass. Therefore, no distinction could be made 
between environments for different A-horizons. 
Assemblage Significance 
Variances in phytolith assemblages of paleosols can indicate differences in 
climate present during paleosol formation. The types of phytoliths identified at this site 

































Figure 23. Dendrogram from cluster analysis of phytolith data from Douglas Creek 
Section M8302. Three distinct clusters (A, B, and C) were derived. Soils within each 
cluster are identified as having the most similar phytolith assemblages, indicating 















Table 1. Phytolith morphotypes and C3/C4 metabolic pathways which are 
important in reconstructing changes in climate using phytoliths (from Fredlund, 
1996). 
Phytolith Representative 
Group Morphotype Grass Taxa CJ/C4 
Total C3 Forms Keeled Pooideae C3 
Randel Pooideae C3 
Rectangle Pooideae C3 
Sinuate Pooideae C3 
Stipa-type Stipa C3 
Chloridoid Forms Saddle Chlorideae C4 
Panicoid Forms Simple-Bilobate Panicoideae C4 
Panicoid-type Panicoideae C4 
Cross Panicoideae C4 





represent the grass Pooideae, which has a C3 metabolic pathway. The morphotypes that 
were sparsely represented include Panicoid and Lobate types. Each of these is 
representative of a C4 pathway. Vegetation with C3 metabolic pathways thrives under 
xeric conditions, whereas C4 pathways are adapted to more mesic conditions (Keeton and 
Gould 1986, p. 215). The importance of the relative frequencies of the various 
morphotypes is not equal. For example, small fluctuations in the abundance of Panicoid 
forms are more significant than equal changes in the abundance of Saddle morphotypes 
(Fredland, 1996). The assemblages of phytoliths present in each of the soil horizons are 
indicative of modern grasslands of this region (Fredland, 1997). However, assemblages 
from the lowest two A-horizons (DC-15, DC-16), at Section M8302 suggest a more 
mesic climate during that time (Fredland, 1997). 
Statistical Analysis Significance 
Possible factors that could have affected the results of the statistical analyses 
include winnowing of phytoliths or the significance of relative percentages of each 
morphotype. Winnowing is a possibility, in that reconstruction of the setting of the study 
area indicates a formerly wide, shallow valley that was probably exposed to wind, rain, 
and erosional events. Texture analysis indicates that the area experienced periodic 
influxes of sediment and increased flow regimes. Winnowing and redeposition of 
phytoliths could occur during such events. This would have effectively mixed 
assemblages of differing ages and possibly different environmental conditions. Also, the 
relative importance of fluctuations in the abundance of the phytoliths is a factor in the 








The conditions that made soil formation and preservation possible were not suitable for 
the preservation of pollen. Analysis of pollen grains found mostly reworked Paleocene pollen 
preserved in this section . 
r, 
DISCUSSION 
Significance of Paleosol Formation 
The presence of paleosols represents periods of stability. The initial development of these 
soils depends on several factors, including time, climate, topography, biologic activity, 
and groundwater flow. In general, a well-developed soil requires extensive periods of 
stability to form. Soils formed in prairie environments tend to be Mollisols, with 
A-horizons at least 10cm thick; E- and B-horizons may also be present (Birkeland, 1984, 
p. 45). The soils of the Douglas Creek site are immature Mollisols (Entisols), consisting 
of thin, poorly developed A-horizons and unaltered C-horizons. Although these soils are 
immature, the presence of carbonate stringers requires a development time of 100-500 
years (Mack, 1997). Interpolation from AMS dates suggests 70-110 years for the 
formation of each of these paleosols, but mature Mollisols typically require at least 1000 
years to form under most conditions (Birkeland, 1984, p. 224). 
C-horizons between each of the A-horizons represent periods during which 
pedogenesis was interrupted by the burial of A-horizons with newly deposited sediment. 
This instability is evidenced by an increase in deposition rates as well as changes in flow 
regime. The presence of pebble lenses in an otherwise well sorted, fine-grained sediment 
indicates a higher flow regime. Increases in deposition of material will cause the 




depositional rates occur periodically within a relatively stable period, stacked sequences 
of paleosols result. The Douglas Creek site is an excellent example of this. 
Causes for Increased Deposition 
These episodic deposition events could be the result of either short-term climatic 
instabilities or periodic releases of stored material. Climate-induced increases in 
deposition reflect a warmer, drier period. Xeric conditions cause a decrease in the vegetal 
cover and downcutting by rivers, resulting in increased erosion in major rivers and their 
tributaries (Knox, 1983). This change is more substantial in grassland areas than in 
forests because of the higher sensitivity of grassland vegetation compared to that of forest 
vegetation (Knox, 1983). 
A second theory is that, over time, sediment is stored in upland areas, flood 
plains, or stable alluvial terraces (Knox, 1985; Madej, 1995). When this system exceeds 
its storage capacity, sediment is released, resulting in an increased sediment load of the 
river system and thus an increase in downstream deposition. This "flushing" of the 
system can also result from reccurring flood events triggered by minor fluctuations in 
climate (Knox, 1985). Often, it is the tributaries with slower flow and shallower channels 
that receive this additional sediment. The storage of this sediment is greatest in wide 
· valleys with shallow gradients. The residence time for sediment in stable floodplain 
deposits can be up to thousands of years (Madej, 1995). 
The Douglas Creek site reveals that periods of episodic deposition occurred. 
However, it is difficult to determine if increased deposition resulted from disequilibrium 
of an intrinsic system, such as that described by Knox (1985), or if it was climate 
induced. With intrinsicinstability, such depositional events would be expected to occur at 
I 
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regular intervals. However, since truly intrinsic systems are models more than reality, it is 
likely that fluctuations in extrinsic variables (such as climate) would force a system out of 
equilibrium. 
Global Climate During the Holocene 
The part of the Holocene preserved at the Douglas Creek site is approximately 
5500 to 2600 yr BP. During this time, global climate had recently completed the 
transition out of a glacial episode by the retreat of ice sheets. The general climate was 
cool and moist throughout this transitional period. Documented episodes of global 
warming during this period include the Hypsithermal (9000-2500 yr BP) (Bates and 
Jackson, 1980), and the Altithermal (7500-4000 yr BP) (Bates and Jackson, 1980). These 
events are recorded from many places around the world, such as in the lake strandlines in 
western Tibet (Gasse et al. , 1991). There is evidence there of typically cold, dry 
conditions beginning at 11,000 yr BP with a period of warm, wet conditions from 10,000 
to 5000 yr BP. This wet phase also is evidenced at 5000 yr BP by increases in sedges and 
tree shrub pollen in the Near East and southwest Asia (Roberts and Wright, 1993). 
Following this, lake conditions in western Tibet became saline, indicating a drier climate 
from 4500 to 4000 yr BP (Gasse et al. , 1991). Records from northeast China suggest that 
the period from 8000 to 2500 yr BP was characterized by warm and wet conditions (3° to 
5° C warmer than present) (Winkler and Wang, 1993). Around 5000 yr BP, the climate 
shifted to drier conditions for a brief time. Following this break, moister conditions 
returned. From 2500 yr BP to the present, the climate of that area has been relatively 
cooler and drier. 
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Lirnnological studies in Patagonia detail a warm, dry climate from 7000 to 5100 
yr BP, followed by a wet, cool climate (Stine and Stine, 1990). Elsewhere, data 
frornnorthern Vermont suggest that erosion rates were higher in the early and late 
Holocene than in the middle Holocene (Bierman et al., 1997). Likewise, records from 
western Canada indicate that during the early to midddle Holocene, dry conditions 
prevailed, peaking at 6000 yr BP. The following period, from 5000 to 2000 yr BP, was 
characterized by rising lake levels reflecting wetter and cooler conditions (Ritchie and 
Harrison, 1993). Similarly, a study of Wolfe Glade tidal wetland on the southeast coast of 
Delaware Bay shows the Holocene climatic optimum occurring at 6000 yr BP (Fletcher 
et al., 1993). This was followed by cooling from 5000 to 4800 yr BP. At 4100 yr BP, a 
warm period is indicated by maximum 180 values. By 3800 yr BP, cooling conditions had 
returned. 
On the Tuktoyaktuk Peninsula in the Northwest Territories (Vardy et al., 1997), a 
warmer climate than now was recorded at 7200 yr BP, followed by cooling from 6300 to 
6000 yr BP, when permafrost began to develop. From 5000 to 4500 yr BP, a gradual 
transformation to a peatland occurred. During the past 4000 years, peat accumulation has 
been slow, indicating a relatively stable period. 
A similar study shows a continuous peat pollen sequence from Cumberland 
Peninsula, Baffin Island, for the past 6000 years (Andrews et al., 1980), indicating 
warmer and wetter conditions from 6000 to 4000 yr BP, with a cooler period at 4800 yr 
BP. Since 3600 yr BP, the summer temperatures have decreased and temperature 
oscillations have increased. 
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Studies at the same latitude but farther east show similar conditions during this 
period. For example, Anderson and Brubaker's (1993, p. 391,) summary of early studies 
of Holocene vegetation of Alaska indicate a climate warmer and drier than present from 
6000 to 2000 yr BP. Maximum warmth and minimum precipitation occurred between 
5000 and 2000 yr BP. Cooling and increased precipitation occurred from 2000 to 200 yr 
BP. After 200 yr BP, precipitation decreased and temperature warmed. More recent 
studies reflect a slightly different climatic history for Alaska (Reusser et al., 1985). From 
10,000 to 8000 yr BP, summer temperatures were warmer than present. A gradual decline 
in temperatures occurred until 5000 yr BP, when modern temperatures were reached. 
Minimum precipitation values occurred at 8000 yr BP, while the highest precipitation 
values occurred at approximately 4000 yr BP (Reusser, et al., 1985). 
Each of these studies provides a slightly different view of climate during the 
Holocene. It is important to remember that the causes of changes in climate do not affect 
all parts of the world in the same way or at the same time. This could account for 
variations in climate changes between sites and also the differences in timing of major 
climatic events such as the Hypsithermal and the Altithermal. The Douglas Creek site is 
important, in that it proved to be a sensitive paleoclimate indicator for the northern Great 
Plains from the mid to late Holocene. 
Local Climate During the Holocene 
Douglas Creek 
The Great Plains region shifted from forest to grasslands from 9900 to 7200 yr BP 
(Ashworth and Cvancara, 1983). The climate record at the Douglas Creek site represents 
a more recent time, when the prairie ecozone was well established. The climate here can 
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be divided into three separate periods based on 813C values. From 5500 to about 3100 yr 
BP, relatively cool and moist conditions prevailed. A slight warming trend followed, 
which lasted less than 1000 years. By 2585 yr BP, the climate had returned to cooler and 
moister conditions. These periods are evidenced by 813C values of -23.69%0 to -21.64%0 
(Figure 20). Phytolith assemblages also correspond to stable carbon values, strengthening 
the conclusion that this period was relatively cooler and moister. The period from -3100 
to -2700 yr BP marked a warming trend. This is recorded by less negative 813C values 
(-19.59%0), indicative of some input of C4 biomass. Phytolith assemblages also reflect 
environmental warming. At approximately 2700 yr BP, the climate returned to cooler, 
wetter conditions. This warming may reflect the northern Great Plains occurrence of the 
Hypsithermal, which has been documented on a global scale from 9000 to 2500 yr BP 
(Bates and Jackson, 1980). However, the lack of data prior to 5500 yr BP prohibits a 
comparison to the Douglas Creek site. 
Other Study Areas 
Each of these periods of climate change has been detected at other study sites in 
the northern Great Plains (see Figure 24). The timing of events varies with distance from 
the Douglas Creek site. Also, the sensitivity of each record is dependent on the methods 
used to reconstruct the climate at each site as well as the preservation of the record itself. 
The most widely used methods include palynology, stable carbon values, lirnnology, 
phytolith analysis, and shore line and tree line studies. 
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Paleosol sequences preserved in sediments from the James River flood plain in 
southeastern North Dakota provide information from about 2950 to 1550 yr BP (Picha 
and Gregg, 1993). The interlayered paleosols and unaltered units suggest fluctuations 
from mesic to more xeric conditions during this period. This corresponds to the formation 
of the most recent paleosol and deposition of overlying material at the Douglas Creek 
site. Other paleosol evidence from North Dakota includes the preservation of mollic A-
and B-horizons within an alluvial fan deposit in Richland County (Michlovic, 1996). The 
presence of the soils and erosional events responsible for the formation of the fan were 
used to infer a trend toward a warm and arid climate from 8000 to 4900 years ago 
(Michlovic, 1996). This is in conflict with the Douglas Creek site data, which show a 
cooler climate during this period, with warming not occurring until about 3300 yr BP. 
The climate interpretation from these two sites is based solely on timing of erosion and 
pedogenic activity. The main purpose for studies at these localities, like many in North 
Dakota, was archaeological in nature. Therefore, the soils were not utilized to their full 
potential and possibly could have provided more detailed climate-related information. 
One North Dakota site that has been studied extensively for climate variability is 
Devils Lake. This record extends from the retreat of the Wisconsinan glaciation to the 
present. Studies have incorporated diatom and ostracode assemblages, as well as bulk 
carbonate geochemistry from lake sediment cores to detect variations in salinity. These 
data suggest that maximum aridity occurred at 8000 yr BP (Fritz et al., 1991). This was 
followed by a transition to more mesic conditions, with large fluctuations between high 
and low salinity levels. The period from 4500 to 3500 yr BP was characterized by 
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relatively fresh conditions, reflecting a more mesic climate. Diatom assemblages indicate 
that from 2500 yr BP to the present, conditions have been relatively arid. However, 
salinity levels from the past 50 years have been considerably lower than during the 
majority of the Holocene (Haskell et al., 1996), reflecting more water in the system. The 
Devils Lake study includes a larger part of the Holocene than the Douglas Creek site. The 
interpretation of the climate from the overlapping period, however, is similar. The 4500 
to 3500 yr BP timing of a mesic climate corresponds to the age of paleosols within the 
Douglas Creek site, which also indicate a relatively cool, moist climate. Also, arid 
conditions implied at 2500 yr BP agree with the warming trend at the Douglas Creek site, 
occurring at approximately the same time. The existence of this arid period is further 
supported by studies of Moon Lake in eastern North Dakota (Laird and Fritz, 1996). 
There, diatom assemblages indicate that climate fluctuated between long-lasting droughts 
and relatively moist conditions from 2300 to 750 yr BP. 
Saskatchewan 
Study areas to the north of the Douglas Creek site also show similar paleoclimate 
records. Waldsea Lake, in south-central Saskatchewan, contains a 4000-year climate 
record (Last and Schweyen, 1985). These data show that at 4000 yr BP, arid conditions 
existed. Between 4000 and 3000 yr BP, lake levels became unstable, with conditions 
becoming cooler and moister. This transition peaked at 3000 yr BP and was followed by 
a warming period between 2800 and 2200 yr BP, which lasted until 2000 yr BP. This was 
followed by a return to cooler, moister conditions, until 700 yr BP when water levels 
decreased. The record at Waldsea Lake is similar to that of the Douglas Creek site, except 
for the absence of data since 2585 yr BP at the latter. 
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Harris Lake sediments, in southwestern Saskatchewan record climatic variations 
characterized by the Altithermal (7700-5000 yr BP). Maximum warmth and aridity 
occurred around 7700 to 6800 yr BP. Cooling began at 5000 yr BP, and finally, at about 
3200 yr BP, modem vegetation developed in this region (Sauchyn and Sauchyn, 1991). 
At this lake, the cooling at 5000 yr BP coincides with the cool conditions reflected in 
theDouglas Creek site record. However, Harris Lake does not reveal the warming trend in 
the late Holocene. 
Alberta 
A study of the Canadian Rocky Mountains and adjacent foothills in southwestern 
Alberta also indicates cool, moist conditions beginning at 5000 yr BP (MacDonald, 
1989). This study incorporated pollen, plant macrofossils, and charcoal. The records of 
each of these sites are comparable to those for the Douglas Creek site in that they indicate 
a cooler climate after 5000 yr BP. 
Another lirnnological study of Holocene climate in Canada is Chappice Lake, in 
southeastern Alberta (Vance et al., 1992). This 6000-year record indicates warm, dry, 
stable conditions from 6000 to 4400 yr BP, followed by a gradual decrease in aridity 
from 4400 to 2600 yr BP. Cool, moist conditions followed from 2600 to 1000 yr BP. 
Frequent droughts occurred from 1000 to 600 yr BP. The "Little Ice Age" is evidenced 
here from 600 to 100 yr BP by high-water conditions. The Chappice Lake climate 
interpretation is similar to that for the Douglas Creek site record in that they both indicate 
cooler, moister conditions after 2600 yr BP. However, at the Douglas Creek site, this 
period is preceded by a warming of short duration, while the Chappice Lake record 
indicates conditions gradually becoming warmer over the preceding 1800 years . 
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The Palliser Triangle 
Eolian activity from the Palliser Triangle, Canada, also reflects instability of the 
land surface during the past 8000 yr BP (Vreeken, 1996). The Hypsithermal is evidenced 
here from 8000 to 5000 yr BP. From 2800 yr BP to the present eolian activity has 
increased, indicating arid conditions. This record is similar to that of the Douglas Creek 
site, with the exception that the increased aridity that occurred here at 2800 yr BP did not 
immediately return to cooler, moister conditions as indicated at the Douglas Creek site. 
Minnesota 
A similar event is reported for Lost River in the Glacial Lake Agassiz peatlands of 
northwestern Minnesota (Glaser et al., 1996). The climate interpretation is based on the 
record of groundwater flow in two raised peat bogs/fens. The results indicate a generally 
moist climate from 4000 until 1200 yr BP. After 1200 yr BP, drought occurred 
periodically. That this period of aridity is later than those at the previously mentioned 
locations could be due to the difference in sensitivity of the systems that recorded the 
information. The other studies were based on o13C data and diatom assemblages that 
appear to be relatively sensitive. Change in groundwater flow and resulting fen/bog 
structures does not occur immediately, but instead is a complex response to 
disequilibrium in the system and therefore can take longer to be affected (Glaser et al., 
1996; Ritter et al., 1995, p. 18). 
Elk Lake, Minnesota, is another area that has been studied in detail using 
numerous proxy climatic indicators, including dune migration, limnologic records, 
paleomagnetic records, diatom assemblages, and palynology. The results indicate that the 










moister. At approximately 5400 to 4800 yr BP, a cool, wet climate occurred. Then, from 
4000 yr BP to the present, a cool, wet climate has existed. At 2800 yr BP, the conditions 
became cooler and winds increased (Bradbury et al., 1993). This record matches that of 
the Douglas Creek site in that they both show relatively cold, wet climates; however, the 
Elk Lake record gives no evidence of warming at approximately 3100 yr BP. 
Wisconsin 
The record at Lake Mendota in south-central Wisconsin provides for a different 
interpretation of the paleoclimate of this region, on the basis of pollen, charcoal, and 
sediment-stratigraphic data (Winkler et al., 1986). These results indicate a warmer, more 
arid climate from 6500 to 3500 yr BP, which was followed by cool, wet conditions after 
3500 yr BP. These conditions differ from the Douglas Creek site interpretations in that at 
Douglas Creek, cool, wet conditions occurred by at least 5500 yr BP. The Lake Mendota 
record did not preserve the more recent Holocene climate. 
Four sites from north-central Iowa to southeastern Wisconsin provide climate 
interpretations similar to that for Lake Mendota (Baker et al., 1992). These include Lima 
Bog (southeastern Wisconsin), Devils Lake (southwestern Wisconsin), Clear Lake 
(northern Iowa), and Roberts Creek (northeastern Iowa) and record the advance of prairie 
during the Holocene. The study encompassing all four of these locations indicates the 
occurrence of mesic conditions from 8000 to 5500 yr BP in northern Iowa and southern 
Wisconsin. Each of these sites reflects relatively warm and dry conditions from 5500 to 
3500 yr BP (Baker et al., 1992). Again, these results conflict with the generally cooler, 
moister climate inferred from the Douglas Creek site data for this period. 
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South Dakota 
Studies farther west and south show landscape stability from 4500 to 3600 yr BP, 
followed by instability from 3600 to 1200 yr BP (Fredlund and Tieszen, 1997). This is 
evidenced by the formation and preservation of paleosols at Wind Cave in the Black Hills 
of South Dakota. Phytolith and stable carbon data from these soils reflect xeric conditions 
for much of the later Holocene. The formation of at least four thin paleosols during 4500 
to 3600 yr BP at the Douglas Creek site reveals that the landscape stability indicated at 
Wind Cave did not exist regionally. Also, the occurrence of ten separate paleosols at the 
Douglas Creek site between 3600 and 2600 yr BP reflects more incidences of instability 
within a "stable" period rather than a period characterized solely by instability. 
Eastern Colorado 
Studies of large-scale dunes, using a combination of Landsat Thematic Mapper 
images and field and laboratory techniques, for eastern Colorado show a minimum of 
four periods of high winds and arid conditions (Forman et al. , 1992). These instabilities 
occurred between 9500 and 5500 yr BP, 5500 and >4800 yr BP, 4800 and> 1000 yr BP, 
and <1000 yr BP. Other climate studies, focusing on the piedmont of eastern Colorado 
and adjacent High Plains, also utilized episodes of dune activation to distinguish arid and 
moist periods (Forman et al., 1995). Data from this study record significant deposition of 
eolian material from 6000 to 5000 yr BP, around 4500 yr BP, and between 1000 and 500 
yr BP. Although the methods and locations of these studies are similar, they provide 
slightly different views of the climate during the same period. These studies are important 
to the interpretation of the Douglas Creek site in that they exemplify conditions of 
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increased deposition occurring periodically due to climate fluctuations during the same 
period as the formation of the Douglas Creek site paleosol sequence. 
Small-Scale Cycles 
The Douglas Creek site not only preserves information about large-scale climatic 
variations such as those previously discussed, but also shows recurrent small-scale 
events. The timing of paleosol formation and subsequent burial, approximately every 70 
to 110 years, reflect such minor cycles. Other climate studies have also found naturally 
occurring small-scale cycles. Records from Greenland, the North Atlantic Ocean, 
Scandinavia, and California indicate that the climate of the past 12,000 years has 
experienced a series of 1000- to 2000-year cooling events (deMenocal and Bond, 1997). 
The Devils Lake, North Dakota, record reveals at least seven fluctuations from arid to 
moister conditions since 8000 yr BP (Fritz et al., 1991). Recurring intense droughts of 
150- to 200-year duration are also evidenced for Moon Lake, North Dakota, from 2300 to 
750 yr BP (Laird and Fritz, 1996). Each of these study areas supports the occurrence of 
small-scale climate variations reflected in the Douglas Creek section. 
CONCLUSIONS 
A stacked sequence of paleosols from the Douglas Creek site in McLean County, 
central North Dakota, has provided proxy paleoclimate data. The 15 paleosols exposed at 
this site were analyzed for stable carbon values, texture, and phytolith and pollen 
assemblages. These data were placed within a time frame of 5240 ±310 to 2585 ± 60 yr 
BP using radiocarbon dating. The compilation and subsequent interpretation of these 
results led to the following conclusions about the paleoclimate of this site: The Douglas 
Creek site paleosols represent relatively long periods of stability followed by brief 
episodes of instability, every 70-110 years, characterized by interruption of pedogeneses 
and occurrence of isolated higher flow regimes, as documented by pebble lenses at the 
base of C-horizons. On a larger scale, stable carbon and phytolith data reflect a climate 
cooler and moister than present from 5240 ± 310 yr BP to 2585 ± 60 yr BP. However, 
from approximately 3100 to 2700 yr BP a warming trend occurred. These climatic 
fluctuations are supported by other studies in the northern Great Plains. Studies by 
Haskell et al. (1996), Last and Schweyen (1985), and Baker et al., (1992) all show cool, 
moist periods followed by short-term warmer, drier periods. 
· The Douglas Creek site proved to be a sensitive indicator of climate fluctuations 
throughout the mid to late Holocene. Unfortunately, further studies at this site are not 
possible because of wave destruction of the valley fill exposure. However, this study has 
56 
57 
shown that new research in the area using similar methods would be useful in enhancing 
the current reconstruction of Holocene climate in the northern Great Plains. 
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APPENDIX A 
Results of texture analyses from Douglas Creek site sampling sections. 
Percent Percent Percent 
Section Sample Sand Silt Clay 
M8301 DB- I 26.57 67.84 5.59 
DB-2 8.52 67.08 24.40 
DB-3 9.89 60.70 29.41 
DB-4 14.26 59.71 26.03 
DB-5 15.93 63.11 20.96 
DB-6 15.11 71.59 13.29 
DB-7 18.98 66.86 14.16 
DB-8 20.10 62.09 17.81 
DB-9 17.33 50.21 32.46 
DB-10 21.30 49.96 28.75 
DB-11 20.81 48.89 30.30 
DB-12 14.87 51.89 33.24 
DB-13 27.46 52.92 19.62 
M8302 DC-1 18.95 55.48 25.57 
DC-2 9.32 62.79 27.88 
DC-3 8.79 64.72 26.49 
DC-4 9.86 59.53 30.61 
DC-5 11.52 63.01 25.47 
DC-6 10.85 71.44 17.71 
DC-7 14.88 66.22 18.90 
DC-8 15.71 64.27 20.02 
DC-9 21.78 58.30 19.92 
DC- 10 25.75 52.05 22.20 
DC- 11 14.66 54.97 30.36 
DC-12 17.30 57.03 25.67 
DC-13 13.23 54.80 31.97 
DC-14 14.02 49.22 36.76 
DC-15 12.58 52.77 34.64 
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Lithology of coarse sand size clasts for each soil horizon 
Section Sample Percent Percent Percent Percent 
quartz crystalline sedimentary other 
lithic lithic 
M8301 DB-1 81.25 0.00 18.75 0.00 
DB-2 33.33 33.33 33.33 0.00 
DB-3 37.50 0.00 59.37 3.12 
DB-4 54.35 8.69 32.61 4.35 
DB-5 72.41 3.45 20.69 3.45 
DB-6 52.17 0.00 47.83 0.00 
DB-7 64.71 0.00 17.65 17.65 
DB-8 59.18 6.12 26.53 8.16 
DB-9 58.33 0.00 30.56 11.11 
DB-10 65.00 2.50 30.00 2.50 
DB-11 48.39 1.61 50.00 0.00 
DB-12 65.22 10.87 23.91 0.00 
DB-13 58.18 3.64 38.18 0.00 
M8302 DC-1 50.00 22.22 22.22 5.56 
DC-2 21.05 10.53 42.11 26.32 
DC-3 10.00 0.00 90.00 0.00 
DC - 4 90.62 0.00 9.37 0.00 
DC-5 50.00 0.00 50.00 0.00 
DC-6 23.53 5.88 17.65 52.94 
DC-7 44.83 0.00 32.76 22.41 
DC-8 44.23 3.85 44.23 7.69 
DC-9 65.12 4.65 23.25 6.98 
DC-10 66.67 16.67 0.00 16.67 
DC-11 27.78 5.56 61.11 5.56 
DC-12 16.67 0.00 75.00 8.33 
DC-13 50.00 0.00 28 .57 21.43 
DC-14 58.14 0.00 34.88 6.98 
DC-15 63.33 0.00 30.00 6.67 




Section Sample Percent Percent Percent Percent 
quartz crystalline sedimentary other 
lithic lithic 
M8303 DD-1 57.14 14.29 14.29 14.29 
DD-2 33.33 8.33 58.33 0.00 
DD-3 35.71 14.29 21.43 28.57 
DD-4 13.33 0.00 73.33 13.33 
DD-5 30.00 10.00 40.00 20.00 
DD-6 30.77 7.69 46.15 15.38 
DD-7 80.00 4.00 16.00 0.00 
DD-8 56.25 6.25 37.50 0.00 
DD-9 70.97 6.45 12.90 9.68 
DD-10 47.37 5.26 42.11 5.26 
DD-11 68.00 0.00 28.00 4.00 
DD-12 56.90 13.79 27.59 1.72 
DD-13 61.76 14.71 17.65 5.88 
DD-14 69.60 13.60 14.80 2.00 
DD-15 58.46 10.77 30.77 0.00 
DD-16 56.82 9.09 29.54 4.54 
DD-17 43.90 4.88 41.46 9.76 
DD-18 51.92 9.61 37.50 0.96 
DD-19 68.00 6.00 26.00 0.00 
DD-20 63.64 4.54 29.54 2.27 
DD-21 82.76 3.45 13.79 0.00 
DD-22 70.45 6.82 18.18 4.54 
DD-23 66.67 7.41 25.93 0.00 
DD-24 43 .75 18.75 37.50 0.00 
DD-25 62.50 6.25 31.25 0.00 
DD-26 35.13 2.70 59.46 2.70 
DD-27 34.25 2.74 60.27 2.74 
DD-28 31.37 2.94 63.72 1.96 
DD-29 55.26 5.26 39.47 0.00 
DD-30 27.91 2.33 69.77 0.00 
DD-31 42.10 10.53 47.37 0.00 
DD-32 45.00 0.00 55.00 0.00 
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Section Sample Percent Percent 
quartz crystalline 
lithic 
M8304 DE-1 55.56 0.00 
DE-2 60.00 6.67 
DE-3 41.18 0.00 
DE-4 67.86 10.71 
DE-5 44.44 11.11 
DE-6 56.25 12.50 
DE-7 13.29 0.00 
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APPENDIXC 
Percentages of phytolith morphotypes for each A-horizon at Section M8302. 
Sample Keeled Rondel Rectangular Crenate Stipa Saddles Bilobate Panicoid Other Lobates 
DC-02 16.20 44.44 3.70 3.70 2.31 26.39 2.31 0.46 0.46 
DC-03 12.69 34.01 5.07 4.06 4.57 34.01 3.05 2.54 0.50 
DC-04 14.03 41.59 3.27 3.27 2.80 29.44 2.80 2.80 0.00 
DC-05 10.15 35.03 4.06 4.06 4.58 37.06 2.54 2.03 0.51 
DC-06 14.81 33.33 4.94 2.47 3.09 37.04 3.09 0.93 0.31 
DC-07 10.38 41.15 3.85 5.77 3.08 31.15 2.31 1.54 0.77 
DC-08 11.83 30.92 3.82 7.25 3.82 35.88 2.29 3.81 0.38 
DC-09 13.91 33.14 3.55 6.80 6.80 29.59 3.84 1.78 0.59 
DC-10 10.99 37.80 5.15 3.44 3.78 34.02 2.40 1.37 1.03 
0\ 
.i,.. 
DC-11 12.44 42.58 3.83 6.22 2.39 27.27 1.43 2.87 0.95 
DC-12 12.36 38.58 1.87 4.49 3.75 33.71 2.25 1.87 1.12 
DC-13 19.64 33.04 4.46 3.135 4.02 31.69 2.23 1.34 0.89 
DC-14 13.46 40.87 3.37 3.37 2.40 30.29 2.88 1.92 2.40 
DC-15 13.84 37.95 4.46 4.02 3.57 28.57 4.46 2.23 0.89 
DC-16 11.74 32.96 5.59 2.23 5.59 34.64 5.03 2.23 0.00 
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